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Description 



LOW SPEED COMBUSTION AIR BYPASS 

TUBE 

Background of Invention 

[0001] The present invention relates generally to engine air in- 
take assemblies, and more particularly, to an idle air by- 
pass tube for use with engine air intake assemblies. 

[0002] | n general, internal combustion engines include at least 

one cylinder constructed to receive combustion gases that 
pass through an air intake opening formed in a throttle 
body attached to the engine. Typically, the amount of 
combustion gas provided to the cylinder is partly con- 
trolled by the position of a throttle plate. As an operator 
desires increased output from the engine, the operator 
advances a throttle actuator which in turn opens the 
throttle plate thereby providing increased amounts of 
combustion gas to the cylinders. In addition to mechani- 
cally actuating the throttle plate, the throttle actuator also 
initiates increased fuel supplied to the cylinders. In fuel 



injected engines, the throttle actuator signals an ECU to 
increase an amount of fuel supplied to the cylinders by a 
fuel system and, in carbureted engines, the throttle actua- 
tor mechanically provides more fuel to the cylinders. As 
an operator increases the engine speed from idle, the 
throttle plate gradually opens an amount that is generally 
proportional to the operator initiated change in throttle 
actuator position thereby providing more combustion gas 
to the cylinders of the engine. 
[0003] As the throttle plate opens in response to the throttle 

command, in addition to allowing more combustion gas, 
or air, to pass into the engine, increased amounts of en- 
gine noise are allowed to exit the engine through the 
throttle body and past the throttle plate. Additionally, 
some known throttle plates have holes formed 
therethrough. These holes provide an appropriate amount 
of combustion gas necessary for idle operation of the en- 
gine. Those throttle plates which have holes formed 
therethrough, may cause a whistling, or chirping sound. 
Alternatively, the throttle plate is held open to allow suffi- 
cient air to pass by to maintain idle speed. Those that are 
held open generally allow engine noise to pass unob- 
structed. Combustion noise allowed to exit the engine via 



the air intake, in addition to any whistling or chirping 
caused by the throttle plate idle holes, can be a distraction 
to an otherwise we 1 1- performing engine. Additionally, a 
quieter operating engine that eliminates any noise is gen- 
erally advantageous. 
[0004] Previous attempts have been made to reduce the amount 
of engine noise emitted from the air intake assembly of an 
engine. Some of these attempts include subjecting the 
flow of incoming air to a tortuous path through a muffling 
material positioned over the intake opening of the air in- 
take assembly. Other approaches involve placing a muf- 
fling material within a recess formed in a housing posi- 
tioned about the engine. Air for engine combustion is only 
allowed to enter the housing by passing through the muf- 
fling material. Both of these approaches significantly re- 
duce the movement of air to the air intake assembly, peri- 
odically require servicing, such as cleaning or replacement 
of the muffling material, and add excess cost. Addition- 
ally, the muffling materials, as they absorb particulate 
matter, provide the engine with a variable flow of com- 
bustion gas to the engine. This variable flow of combus- 
tion gas makes precision engine combustion calibration 
difficult to initially set and even more difficult to maintain. 



[0005] ^ would therefore be desirable to have an engine with a 
throttle assembly that reduces the amount of noise emit- 
ted from the main air intake. To this end, it would be de- 
sirable to operate the engine with the throttle plate in a 
closed position for a range of throttle actuator inputs 
while providing an unrestricted flow of combustion gas 

through the throttle assembly and to the engine. 
Brief Description of Invention 

[0006] The present invention provides an air intake assembly for 
an internal combustion engine and method of manufac- 
turing an engine that solves the aforementioned prob- 
lems. The air intake assembly has a first inlet with a throt- 
tle plate rotatably disposed therein. A second inlet is 
formed in the air intake assembly and provides an unob- 
structed path for combustion gas from atmosphere into 
the air intake assembly. 

[0007] | n accordance with one aspect of the present invention, an 
air intake assembly for an internal combustion engine is 
disclosed that includes a first inlet, a second inlet, and an 
outlet formed in a throttle body. A throttle plate is rotat- 
ably positioned in the first inlet. The second inlet is unob- 
structedly open to atmosphere. 

[0008] According to another aspect of the present invention, a 



throttle body assembly is disclosed that has a chamber 
configured to be in fluid communication with an internal 
combustion engine formed in a housing. The housing has 
a throttle passage in communication with the chamber. A 
throttle plate is positioned in the throttle passage and 
configured to interrupt communication through the throt- 
tle passage. A bypass passage is formed in the housing 
and has an inlet facing towards the internal combustion 
engine and an outlet located in the chamber so that the 
bypass passage communicates atmosphere to the cham- 
ber. 

[0009] According to a further aspect of the present invention, an 
internal combustion engine is disclosed that includes an 
engine having at least one cylinder formed therein. A 
throttle body is attached to the engine and has a first pas- 
sage and a second passage. The first passage has a valve 
therein and is configured to have a variable cross-section. 
The second passage is vented to atmosphere and has a 
fixed cross-section. 

[0010] | n accordance with yet another aspect of the present in- 
vention, a method of manufacturing an engine is dis- 
closed. The method includes the steps of forming an air 
inlet opening in one side of a throttle body, positioning a 



solid surface throttle plate in the air inlet opening, and 
forming a bypass to atmosphere in another side of the 
throttle body. 

[001 1] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0012] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0013] | n the drawings: 

[0014] pig. 1 is a perspective view of an exemplary outboard mo- 
tor incorporating the present invention. 
[0015] pig. 2 is an elevational view of a portion of the outboard 

motor of Fig. 1 showing the throttle linkage and throttle 

assembly of the present invention. 
[0016] Fig. 3 is an exploded view of the throttle body and throttle 

assembly of Fig. 2. 
[0017] Fig. 4 is a cross-sectional view of a portion of the throttle 

assembly of Fig. 3 taken along line 4-4 and shows a 

throttle assembly idle position. 
[0018] Fig. 5 is a cross-sectional view of a portion of the throttle 

assembly of Fig. 3 taken along line 5-5 and shows a 



closed throttle plate position. 

[0019] pig. 6 is a view similar to Fig. 4 and shows the throttle as- 
sembly in a throttle assembly transition position. 

[0020] pig. 7 is a view similar to Figs. 4 and 5 and shows the 

throttle assembly rotated past the throttle assembly tran- 
sition position. 

[0021] Fig. 8 is a view similar to Fig. 5 and shows the throttle as- 
sembly with the throttle plate rotated beyond the closed 
throttle plate position. 

[0022] Fig. 9 is a detail view of the throttle assembly of Fig. 2 
with the throttle actuator, throttle linkage assembly, and 
throttle assembly in an idle throttle position. 

[0023] Fig. 10 is a detail view of the throttle linkage assembly in 
the idle throttle position as shown in Fig. 9. 

[0024] Fig. 11 is a detail view showing the throttle actuator, 

throttle linkage assembly, and throttle assembly of Fig. 9 
advanced to an engine transition position. 

[0025] Fig. 12 is a detail view showing the throttle actuator, 

throttle linkage assembly, and throttle assembly of Fig. 9 
advanced to a wide open throttle position. 

[0026] Fig. 13 is a cross-sectional view of a portion of the engine 
of the outboard motor of Fig. 1 taken along line 13-13 
shown in Fig. 12. 



[0027] pig. 14 is cross-sectional view of the engine of Fig. 13 

taken along line 14-14. 

[0028] pig. 15 is a perspective view of the idle air bypass tube of 

Fig. 14. 
Detailed Description 

[0029] The present invention relates generally to internal com- 
bustion engines. In the present embodiment, the engine is 
a direct fuel injected, spark-ignited two-cycle gasoline- 
type engine. Fig. 1 shows an outboard motor 10 having 
one such engine 12 controlled by an electronic control 
unit (ECU) 14 under engine cover 16. Engine 12 is housed 
generally in a powerhead 18 and is supported on a mid- 
section 20 configured for mounting on a transom 22 of a 
boat 24 in a known conventional manner. Engine 12 is 
coupled to transmit power to a propeller 26 to develop 
thrust and propel boat 24 in a desired direction. A lower 
unit 30 includes a gear case 32 having a bullet or torpedo 
section 34 formed therein and housing a propeller shaft 
36 that extends rearwardly therefrom. Propeller 26 is 
driven by propeller shaft 36 and includes a number of fins 
38 extending outwardly from a central hub 40 through 
which exhaust gas from engine 12 is discharged via mid- 
section 20. A skeg 42 depends vertically downwardly from 



torpedo section 34 to protect propeller fins 38 and en- 
courage the efficient flow of outboard motor 10 through 
water. 

[0030] a throttle body 50 (shown in phantom) is connected to 
engine 12 and has at least one opening 52 passing 
therethrough Opening 52 is often referred to as an air in- 
take opening and allows combustion gas, generally air, to 
pass through throttle body 50 and into engine 12. An- 
other opening 53, an idle air bypass, passes through 
throttle body 50 and provides an alternate path for com- 
bustion gas into and through throttle body 50. As will be 
described further below, opening 53 is constructed to 
provide combustion gas to engine 12 during idle and low 
speed operations. 

[0031] pig. 2 shows outboard motor 10 with a portion of engine 
cover 16 cut away. A throttle cable 54 connects a throttle 
actuator 55 to a throttle linkage assembly 56 so that 
throttle linkage assembly 56 is movable in response to 
operator manipulation of throttle actuator 55. Throttle ca- 
ble 54 passes through an opening 58 formed in engine 
cover 16. A mounting bracket 60 secures throttle cable 54 
to throttle body 50 and prevents movement therebetween. 
Throttle cable 54 has a cable 62 which extends from an 



end 63 thereof. Cable 62 extends and retracts from throt- 
tle cable 54 relative to mounting bracket 60 in response 
to operator manipulation of throttle actuator 55. An end 
64 of cable 62 engages a first throttle link 66 of throttle 
linkage assembly 56. Cable end 64 is attached to a first 
arm 68 of first throttle link 66 so that movement of cable 
62 results in rotation of first throttle link 66 about a pin 
or mounting bolt 70. 
[0032] a second arm 72 of first throttle link 66 engages a pin 74 
extending from a second throttle link 76 of throttle link- 
age assembly 56. Second throttle link 76 rotates about a 
pin 78 and has a third throttle link 80 attached thereto. A 
first end 82 of third throttle link 80 is connected to an 
end 84 of second throttle link 76. A second end 86 of 
third throttle link 80 is attached to an actuator 88 of a 
throttle assembly 92. During operation, as an operator 
advances throttle actuator 55, throttle cable 62 moves and 
rotates first throttle link 66 of throttle link assembly 56 
about pin 70. Rotation of first throttle link 66 causes sec- 
ond arm 72 to engage pin 78 and thereby rotate second 
throttle link 76. Displacement of second throttle link 76 is 
translated to throttle assembly 92 via third throttle link 80 
so that actuator 88 is coupled to throttle actuator 55. 



Such a linkage forms a throttle assembly that is highly re- 
sponsive and sensitive to operator manipulation of a 
throttle actuator. 
[0033] Referring to throttle assembly 92, a mount 89, preferably 
having a throttle position sensor (TPS) 90 inside, is con- 
nected proximate a first end 91 of actuator 88. The TPS 
90 communicates the position of actuator 88 to the ECU 
of engine 12. In addition to the responsiveness of the 
throttle assembly, mounting TPS 90 about the actuator of 
the throttle assembly ensures that an ECU attached 
thereto is nearly instantaneously aware of operator ma- 
nipulation of throttle actuator 55. Such a construction 
connects a throttle linkage assembly and throttle assem- 
bly with reduced play therebetween and allows an engine 
12 so equipped to be highly responsive to actual throttle 
position. 

[0034] pig. 3 shows an exploded view of throttle assembly 92. 
Throttle body 50 is mounted to engine 12 with opening 
52 in fluid communication with the combustion chambers 
of engine 12 and in general alignment with a front 51 of 
engine 12, as best viewed in Fig. 1. The front 55 of engine 
12 is in linear alignment with an operator and passengers 
of watercraft 24. Referring back to Fig. 3, throttle plate 94 



is rotatably positioned within opening 52 to regulate air 
flow through throttle body 50. During idle operation of 
engine 12, throttle plate 94 remains closed, as shown in 
Figs. 3 and 5, and combustion gas is provided to engine 
12 via an opening or idle air bypass 53. Opening 53 pro- 
vides a path for combustion gas into engine 12 when 
throttle plate 94 prevents the passage of combustion gas 
through opening 52. Opening 53 is formed in throttle 
body 50 generally opposite air intake opening 52 and 
faces generally towards engine 12 and away from the op- 
erator and passengers of the watercraft or other recre- 
ational product. 
[0035] Throttle plate 94 is secured to a throttle shaft 96 by a 

plurality of fasters 98 such that rotation of throttle shaft 
96 results in rotation of throttle plate 94. A spring 100 is 
positioned about a first end 102 of throttle shaft 96 and 
biases throttle plate 94 to a closed position in opening 52, 
as shown in Fig. 3. A second end 104 of throttle shaft 96 
extends through a mount structure 106 of throttle body 
50. A pin 108, preferably a roll pin, extends through 
throttle shaft 96 and engages a second end 110 of actua- 
tor 88. A bushing 112 is constructed to fit about mount 
106 and facilitates rotation of actuator 88 relative thereto. 



[0036] Third throttle link 80 engages an arm 114 of actuator 88. 
Arm 114 is integrally formed with actuator 88 and ex- 
tends from a body 115 thereof. By extending from body 
115 of actuator 88, arm 114 allows for a generally linear 
translation of third throttle link 80 to rotate actuator 88. 
Body 115 has a generally cylindrical shape and extends 
from first end 91 of actuator 88 to second end 110. First 
end 91 of actuator 88 has a bearing surface 118 there- 
about and an extension, or tab 120, extending therefrom. 
Tab 120 is constructed to engage throttle position sensor 
90 located within mount 89 such that movement of actua- 
tor 88 results in a change of signal from throttle position 
sensor 90. Throttle position sensor 90 is within a mount 
89 positioned about first end 91 of actuator 88. It is un- 
derstood that in those applications where a throttle posi- 
tion sensor is mounted remotely relative to a throttle shaft 
that throttle position sensor 90 can be merely a molded 
mount attachable to the throttle body and constructed to 
support an end of the actuator therebetween. 

[0037] a flange 122 of TPS mount 89 engages bearing surface 

118 of actuator 88 and maximizes a frictionless rotational 
engagement therebetween. A plurality of fasteners 124 
and corresponding washers 126 secure TPS mount 89 to 



throttle body 50 at a boss, or mounting flange 128, ex- 
tending from throttle body 50. Mounting flange 128 in- 
cludes a pair of holes 130 constructed to receive fasteners 
124 therein to secure TPS mount 89 to throttle body 50 
with actuator 88 disposed therebetween. Actuator 88 is 
free to rotate relative to throttle body 50 and TPS mount 
89. As such, operator manipulation of throttle actuator 
55, shown in Fig. 2, moves third throttle link 80 which in 
turn rotates actuator 88 relative to throttle body 50 and 
TPS mount 89. 

[0038] a temperature probe 132 extends through throttle body 
50 into air intake opening 52 on an engine side 133 of 
throttle plate 94 and is in electrical communication with 
ECU 14 shown in Fig. 2. Referring back to Fig. 3, tempera- 
ture probe 132 is positioned in air intake opening 52 such 
that it does not interfere with rotation of throttle plate 94. 
Temperature probe 132 communicates to the ECU a tem- 
perature of combustion air provided to the engine to allow 
the ECU to more effectively control overall engine effi- 
ciency and, particularly, fuel combustion efficiency. 

[0039] Actuator 88, TPS mount 89, bushing 112, and throttle 

shaft 96 all share a common axis 134. Common axis 134 
is the axis of rotation of throttle shaft 96 to which throttle 



plate 94 is mounted. Although mounted about throttle 
shaft 96 and directly responsive to operator movement of 
throttle actuator 55, actuator 88 is partially rotatable 
about common axis 134 without affecting the position of 
throttle plate 94. That is, throttle plate 94 remains closed, 
as shown in Fig. 3, through a predetermined range of op- 
erator movement of throttle actuator 55, yet the RPM of 
the engine increases, as will be described in further detail 
below with respect to Figs. 4-9. 
[0040] As shown in Fig. 4, when assembled, throttle shaft 96 and 
pin 108 of throttle assembly 92 are positioned in a recess 
136 of actuator 88. Recess 136 has a bowtie shaped 
cross-section 137 that allows partial rotation of pin 108 
and shaft 96 relative thereto. Although shown having a 
bowtie shaped cross-section it is understood that such a 
cross-section is merely by way of example and that other 
arrangements could be used to achieve the result of al- 
lowing actuator 88 to determinably engage and disengage 
from a driving relationship with throttle shaft 96, thereby 
providing a "deadband" in the throttle linkage. An exam- 
ple of such an arrangement would be a portion of the re- 
cess constructed to receive the throttle shaft and another 
portion of the recess constructed to receive a keying ele- 



ment such as one end of a pin extending from the shaft. 

[0041] The relation of actuator 88 to pin 108, as shown in Fig. 4, 
indicates an idle throttle position. Comparing Fig. 4 to Fig. 
6, as an operator advances throttle actuator 55, third 
throttle link 80 is advanced a distance of X', as shown in 
Fig. 6. The relation of actuator 88 to pin 108, as shown in 
Fig. 6 indicates a transition throttle position. The transi- 
tion throttle position is generally defined as the point 
during engine operation where the combustion process 
preferably transitions from a stratified combustion opera- 
tion to a homogeneous combustion operation wherein 
stratified and homogenous define the type of combustion 
charge supplied to the engine, as is known in the art. 

[0042] jhe displacement of third throttle link 80 distance X' re- 
sults in rotation of actuator 88 but does not move pin 108 
or throttle shaft 96. When third throttle link 80 is dis- 
placed distance X', actuator 88 rotates a distance Y'. In 
one embodiment, distance Y' is not more than 35 degrees 
and is preferably approximately 19 degrees. During oper- 
ation, although an operator has advanced throttle actuator 
55 and displaced third throttle link 80 a distance of X', as 
shown in comparing Figs. 4 and 6, recess 136 prevents 
actuator 88 from displacing throttle shaft 98. As such, 



throttle plate 94 remains closed, as shown in Fig. 5, as 
actuator 88 is rotated relative thereto. Such a construction 
forms the deadband in the throttle assembly. One exem- 
plary explanation of the deadband is where the throttle 
assembly receives an input command having a value of X' 
and throttle plate 94 does not experience a corresponding 
output. Such a construction allows throttle plate 94 to re- 
main closed for a predetermined range of engine opera- 
tion, not merely an engine idle condition. 
[0043] Throttle plate 94 remains closed, as shown in Fig. 5, up to 
the transition of throttle position shown in Fig. 6. By 
maintaining throttle plate 94 closed until approximately 
the point the engine requires a homogenous combustion 
charge, a minimum amount of engine noise is allowed to 
exit the engine through air intake opening 52, while air 
bypass 53 is sized large enough to provide an adequate 
charge. Maintaining throttle plate 94 closed beyond en- 
gine idle speed reduces the overall amount of engine 
noise allowed to exit the engine through air intake open- 
ing 52. 

[0044] Comparing Figs. 6 and 7, as an operator advances the 
throttle actuator beyond a distance X', shown in Fig. 6, 
any further increase in the position of the throttle actuator 



provides a corresponding rotation of throttle shaft 96 and 
opens throttle plate 94. As shown in Fig. 7, as third throt- 
tle link 80 is advanced a distance X", actuator 88 is ro- 
tated an angle of Y" while throttle shaft 96 rotates an an- 
gle of Z". The difference between Y" and Z" is equal to 
the amount of deadband engagement — distance Y', as 
shown in Fig. 6, between actuator 88 and throttle plate 
94. Once third throttle link 80 is displaced a distance 
greater than X', as shown in Fig. 6, any further displace- 
ment of third throttle link 80 results in rotation of throttle 
shaft 96, as shown in Fig. 7. A leading edge 138 of recess 
136 engages pin 108 and rotates throttle shaft 96. As 
leading edge 138 comes into contact with pin 108, as 
shown in Figs. 7 and 8, throttle plate 94 rotates relative to 
opening 52 of throttle body 50. As shown in Fig. 8, when 
the throttle actuator is advanced beyond the transition 
throttle position, throttle plate 94 rotates to an open po- 
sition, indicated by a gap 140 formed between throttle 
plate 94 and throttle body 50, allowing combustion gas to 
pass through opening 52. 
[0045] During idle operation of outboard motor 10, as shown in 
Fig. 9, when throttle actuator 55 is in an idle throttle posi- 
tion 142, throttle plate 94 is disposed generally across 



opening 52 thereby preventing the passage of combustion 
gas therethrough. Opening 53 provides combustion gas 
to pass through throttle body 50 thereby providing idle 
operation combustion gas to engine 12. Second arm 72 of 
first throttle link 66 includes a cam, or cam face 144 con- 
structed to engage pin 74 of second throttle link 76. 

[0046] As shown in Fig. 10, at idle operation of engine 12, a 
small gap 146 is formed between cam face 144 of first 
throttle link 66 and pin 78 of second throttle link 76. First 
throttle link 66 includes a tab, or third arm 148 integrally 
formed therewith. Third arm 148 is constructed to engage 
a first throttle stop 150 and a second throttle stop 152. 
Throttle stops 150, 152 are integrally formed with engine 
12 and restrict the movement of throttle linkage 56 and 
define an idle throttle linkage position, as shown in Figs. 9 
and 10, and a wide open throttle linkage position, as 
shown in Fig. 12. Such a construction forms a throttle 
linkage assembly having no means of adjustment and 
wherein the range of rotation of each of the links of the 
throttle linkage assembly is permanently fixed. 

[0047] Referring back to Fig. 9, with throttle actuator 55 in idle 
throttle position 142, third arm 148 of first throttle link 
66 abuts first throttle stop 150 thereby permanently fix- 



ing the engine idle throttle linkage positions. Cam face 
144 of second arm 72 of first throttle link 66 disengages 
from pin 74 with gap 146 therebetween. During idle 
throttle position 142, second throttle link 76, third throt- 
tle link 80, and actuator 88 are maintained in an idle po- 
sition and mechanically separated from throttle actuator 
55 by gap 146 between first and second throttle links 66, 
76. 

[0048] As shown in Fig. 11, throttle actuator 55, throttle linkage 
assembly 56, throttle assembly 92 have been advanced to 
their respective engine transition positions 154. Throttle 
actuator 55 is shown advanced to a transition displace- 
ment, indicated by arrow 156, of throttle cable 62. Dis- 
placement 156 rotates first throttle link 66 such that third 
arm 148 disengages from first throttle stop 150 and ro- 
tates toward second throttle stop 152. Cam face 144 en- 
gages pin 74 of second throttle link 76 and slides there 
along rotating second throttle link about pin 78. Second 
throttle link 76 rotates in the direction of arrow 158 and 
displaces third throttle link 80 in the direction of arrow 
160. Displacement 160 of third throttle link 80 rotates ac- 
tuator 88 indicated generally by arrow 162. 

[0049] Throttle position sensor 90 signals to the ECU the move- 



ment 162 of actuator 88. The ECU, in response to the sig- 
nal from throttle position sensor 90, adjusts predeter- 
mined engine operating parameters. One of the engine 
parameters that is adjusted is the amount of fuel provided 
to the engine. The amount of fuel provided to the engine 
is increased in response to the throttle actuator adjust- 
ment. By adjust the amount of fuel provided to the engine 
at transition throttle position 154, the operating speed of 
the engine is increased. Even though the operating speed 
and the amount of fuel provided to the engine is in- 
creased, from idle throttle position 142, shown in Fig. 9, 
to transition throttle position 154 shown in Fig. 11, throt- 
tle plate 94 remains closed. This is accomplished because 
the air bypass 53 allows sufficient air induction into the 
engine via a second opening. 
[0050] pig. 12 shows a wide open throttle position 164. Throttle 
actuator 55 is fully advanced. Third arm 148 of first throt- 
tle link 66 is rotated into contact with second throttle stop 
152. Second throttle stop 152 permanently fixes the posi- 
tion of throttle linkage assembly 56 and throttle assembly 
92 during wide open throttle operation. Third throttle link 
80 rotates actuator 88 beyond transition throttle position 
154, as shown in Fig. 11, so that actuator 88 engages 



throttle plate 94. As shown in Figs. 11 and 12, when the 
throttle actuator is advanced beyond transition throttle 
position 154 to wide open throttle position 164, throttle 
plate 94 rotates approximately 90 degrees relative to 
opening 52 thereby allowing combustion gas to pass 
therethrough. As engine 12 needs more combustion gas 
to mix with the fuel in order to transition from the strati- 
fied combustion stage to a homogeneous combustion 
stage, throttle plate 94 rotates in opening 52 to allow 
more combustion gas to pass therethrough. By maintain- 
ing the throttle plate closed across opening 52 during rel- 
atively low speed operation of engine 12, throttle assem- 
bly 92 reduces the amount of engine noise emitted toward 
an operator. 

[0051] while many believe that two-stroke engines are generally 
not environmentally friendly engines, such preconceptions 
are misguided in light of contemporary two-stroke en- 
gines. Modern direct injected two-stroke engines and, in 
particular, Evinrude® outboard motors, are compliant with 
not only today's emission standards, but emission stan- 
dards well into the future. However, since these engines 
are so advanced, they require trained technicians perform 
certain repairs and adjustments. As such, a significant 



portion of the ability to adjust these motors has been re- 
stricted to qualified personnel in an effort to ensure the 
future emission efficiency of the engines. 
[0052] pig. 13 shows engine 12 along line 13-13 shown in Fig. 
12. A block 166 of engine 12 has a first air intake tunnel 
168 and a second air intake tunnel 170 in fluid communi- 
cation through a throttle body adapter plate 171 commu- 
nicating with the combustion chambers of the engine. It is 
noted that the previous figures only show one of these 
tunnels to maintain clarity of the figures. It is understood 
that the total number of intake tunnels could vary de- 
pending on engine configuration. As shown in Fig. 13, en- 
gine 12 has two such intake tunnels that correspond to 
the number of cylinders of engine 12. Tunnels 168, 170 
are fluidly connected to a crankcase cavity 172 of engine 
12. A crankshaft 174 is rotatably mounted within 
crankcase cavity 172 and connected to the pistons of en- 
gine 12. 

[0053] Tunnels 168, 170 are each sealingly connected to adapter 
plate 171. Adapter plate 171 has a first port 182 and a 
second port 184 that allow fluid communication through 
adapter plate 171 into crankcase cavity 172 via first tun- 
nels 168 and 170. As shown in Fig. 14, ports 182, 184 of 



adapter plate 171 fluidly connect a chamber 186 of throt- 
tle body 50 to tunnels 168 and 170 of engine block 166. 
Although shown as separate from throttle body 50, it is 
understood that throttle body 50 could be formed to in- 
clude the structure of adapter plate 171. Adapter plate 
171 allows for increased versatility and interchangeability 
of throttle body 50 with different engine intake tunnel 
orientations. That is, rather than modify throttle body 50 
to be connectable to multiple different engine air intake 
tunnels, each respective engine orientation could be 
equipped with an adapter plate that interacts with throttle 
body 50. 

[0054] Throttle body 50 has a main passage, or first inlet 188, 
with throttle plate 94 disposed therein. The position of 
throttle plate 94 relative to first inlet 188 controls the 
cross-sectional size of first inlet 188 and controls the 
amount of combustion gas allowed to pass therethrough. 
As throttle plate 94 rotates to an open position from the 
generally transverse position shown in Fig. 14, increased 
amount of combustion gas is allowed to pass through first 
inlet 188 into chamber 186. Throttle body 50 has a sec- 
ond inlet 190 which passes from chamber 186 to atmo- 
sphere. When throttle plate 94 is in the closed position, as 



shown in Fig. 14, combustion air enters chamber 186 
through second inlet 190. While engine 12 idles and runs 
at low speed, up to the transition engine speed, second 
inlet 190 supplies a majority of the combustion air to en- 
gine 12. That is, as actuator 88 is rotated from the idle 
position to the transition position, as discussed above 
with respect to Figs. 9 through 11, throttle plate 94 
causes first inlet 188 to remain closed and combustion 
gas for engine 12 must be drawn through second inlet 
190. 

[0055] a tube 192 is disposed in second inlet 190 and has a first 
section 194 that extends into chamber 186, a second sec- 
tion 196 that engages adapter plate 171 of throttle body 
50, and a third section 198 which extends toward engine 
12. As best viewed in Fig. 13, a perimeter 199 of second 
inlet 190 is within a perimeter 200 of first inlet 188. Re- 
turning to Fig. 14, second inlet 190 extends through a 
side 202 of throttle body 50 generally opposite first inlet 
188 and directed generally toward engine 12. Any sound 
that may travel through second inlet 192 is directed to- 
ward engine 12 and generally away from an operator of a 
watercraft. 

[0056] Tube 192 has an inside surface 204 with a fixed cross- 



section that varies from an inlet end 206 to a outlet end 
208 of tube 192 with outlet end 208 disposed in chamber 
186 of throttle body 50. The cross-sectional shape of 
tube 192 forms what is commonly referred to as a Venturi 
210. Venturi 210 is evident in the reduced cross-section 
of the passage through tube 186 near inlet end 206 which 
tapers to a wider cross-section at outlet end 208. Venturi 
2 10 allows the greatest amount of air flow through tube 
192 with a reduced likelihood of generating a whistle be- 
cause of the flow therethrough. That is, venturi 210 of 
tube 192 reduces the likelihood of an intake whistle being 
generated during the operation of engine 12 while open- 
ing chamber 186 directly and unobstructedly to atmo- 
sphere. 

[0057] A n annular groove 212 is formed in second section 196 of 
tube 192 and receives a ring 214 therein and a shoulder 
216 is formed between second section 196 and third sec- 
tion 198. Shoulder 216 engages an engine side 218 of 
adapter plate 171 whereas ring 214 engages a chamber 
side 220 of adapter 180. Such an orientation secures tube 
192 in second inlet 190 of adapter plate 171 of throttle 
body 50. Alternatively, it is understood that tube 192, 
shown in Fig. 15, could be press fit into an opening 



formed in the throttle body 50 or be integrally formed 
with either adapter plate 171 or throttle body 50. 
[0058] As shown in Fig. 15, first section 194 extends from outlet 
end 208 to a lip 222 formed between groove 212 and first 
section 194. Second section 196 extends from groove 212 
to shoulder 216 and has an outer diameter that is con- 
structed to sealingly engage second inlet 190 of throttle 
body 50 as shown in Fig. 14. Returning to Fig. 15, third 
section 198 of tube 192 extends between shoulder 216 
and inlet end 206 of tube 192. It is understood that the 
complex shape of tube 192 as described above is merely 
exemplary of a combustion air idle bypass tube according 
to a preferred embodiment of the present invention. It is 
understood that many variations can be made to the spe- 
cific shape of tube 192 without deviating from the nature 
of the invention and are within the scope of the append- 
ing claims. 

[0059] | n accordance with one embodiment of the present inven- 
tion, an air intake assembly for an internal combustion 
engine includes a first inlet, a second inlet, and an outlet 
formed in a throttle body. A throttle plate is rotatably po- 
sitioned in the first inlet and the second inlet is open to 
atmosphere. 



[0060] According to another embodiment of the present inven- 
tion, a throttle body assembly has a chamber configured 
to be in fluid communication with an internal combustion 
engine formed in a housing. The housing has a throttle 
passage in communication with the chamber. A throttle 
plate is positioned in the throttle passage and configured 
to interrupt communication through the throttle passage. 
A bypass passage is formed in the housing and has an in- 
let facing towards the internal combustion engine and an 
outlet located in the chamber. The bypass passage com- 
municates atmosphere to the chamber. 

[0061] According to a further embodiment of the present inven- 
tion, an internal combustion engine includes an engine 
having at least one cylinder formed therein. A throttle 
body is attached to the engine and has a first passage and 
a second passage. The first passage has a valve therein 
and is configured to have a variable cross-section. The 
second passage is vented to atmosphere and has a fixed 
cross-section. 

[0062] | n accordance with yet another embodiment of the present 
invention, a method of manufacturing an engine includes 
the steps of forming an air inlet opening in one side of a 
throttle body, positioning a solid surface throttle plate in 



the air inlet opening, and forming a bypass to atmosphere 
in another side of the throttle body. 
[0063] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



